onlineOML Comm 

Journal of Movement Disorders 2012;5:14-17 
pISSN 2005-940X/elSSN 2093-4939 
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Hypomania Induced by Subthalamic Nucleus Stimulation 
in a Parkinson's Disease Patient: Does It Suggest 
a Dysfunction of the Limbic Circuit? 
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The aim of this report was to describe a case of hypomania after deep brain stimulation of 
the subthalamic nucleus (STN DBS) in a Parkinson's disease (PD) patient. 59-year-old man 
with a 15-year history of PD underwent bilateral implantation of electrodes to the STN. Imme- 
diately after surgery, his motor function was markedly improved and his mood was elevated to 
hypomania. Fusion images of the preoperative MPJ and postoperative CT scan showed that 
the electrodes were located in the medial portion of the STN. In this case, behavioral mood 
change was related to the deep brain stimulation. Moreover, the anatomical location and the 
functional alteration of the STN after the DBS surgery might be related to the regulatory sys- 
tem of the associative and limbic cortico-subcortical circuits. 
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High frequency deep brain stimulation (DBS) of the subthalamic nucleus (STN) is an ef- 
fective treatment for advanced Parkinson's disease (PD). Since the late 1990s, STN DBS has 
become a widely performed surgical treatment resulting in improved motor symptoms. 1 ' 2 Ac- 
cumulated experiences have suggested that STN DBS plays an important role in motor func- 
tions; researchers have also documented its adverse effects on cognition and emotion. 2 " 6 Par- 
ticularly for mood, wide spectrum disorders from major depression to mania can occur; in ad- 
dition, apathy, psychosis, and anxiety have been described after surgery. Postoperative deli- 
rium is the most common psychiatric adverse event followed by depression (2-4%) and ma- 
nia/hypomania (0.9-1.7%). 4 We now describe a patient who developed hypomania after bi- 
lateral STN DBS. This report observed an anatomical relationship between the STN and mood 
through the computerized tomography-magnetic resonance imaging (CT-MPJ) fusion im- 
ages and by reprogramming of the stimulation contacts. 

Case 

A 59-year-old man with 15 -year history of PD with severe motor fluctuations underwent 
bilateral implantation of electrodes to the STN region (quadripolar electrodes Medtronic 
3389, Medtronic, Minneapolis, MN, USA). Preoperatively, the Hoehn and Yahr stage was 2.5 
and the Unified Parkinson Disease Rating Scale (UPDRS) part III motor scores on/off medi- 
cation were 34/42. The patient took 1500 mg of L-dopa, 1400 mg of entacapone, 150 mg of 
amantadine, and 5 mg of selegiline daily. 

He received a preoperative brain MRI according the protocol. 7 The STN was located by a 
combination of the MRI, microelectrode recording, and stimulation techniques. 1 A brain CT 
was done immediately after the operation. The preoperative MRI T2-weighted images and 
the postoperative CT images were fused with the mutual information technique. 8 - 9 The 3-di- 
mensional location of the leads and each contact were identified on the fused images; these 
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were in the ventromedial part of the STN (Figure 1). 

Stimulation titration was initiated a day after the leads 
were implanted. After the testing of each contact, we selected 
the best one (the right side was contact number 2, and the 
left was 1), which showed good motor response without any 
adverse effects. Stimulation parameters were as follows: right 
DBS setting with an amplitude of 3.0 V, a pulse width of 60 
usee, and a frequency rate of 130 Hz and the left side with 2.2 
V, 60 usee, and 1 30 Hz, respectively. 

Following implantation of the electrodes, his motor disabi- 
lity improved rapidly and markedly; however, a remarkable 
mood change took place 2 days after on-stimulator. In paral- 
lel with the motor improvement, his mood was also elevated. 
He became talkative and excessively hopeful. He danced up 
and down and sang with other patients in the neurosurgical 
ward. He had increased motor activity and sexual interest 
and slightly increased irritability. His sleep pattern and quan- 
tity were normal and flight of ideas or disruptive-aggressive 
behavior was absent. The Young Mania Rating Scale (YMRS) 



was used to evaluate manic symptoms at baseline and over- 
time. This scale has 11 items and scored from 0 to 4, the high- 
er the score, the more severe the manic state. 10 He had an YM- 
RS score of 19. 

Preoperatively, the patient was a very quiet and taciturn per- 
son without any history of psychiatric disorders. In the pre- 
operative neuropsychological test, the score of Mini-Mental 
State Examination was 23. The Beck Depression Inventory 
was 23, which represented moderate to severe depression. He 
noted that he felt sad and had entirely lost his sexual drive. 
His abrupt emotional change postoperatively was attenuated 
slowly without any psychiatric medication or changing stim- 
ulating parameters. 

Two years after surgery, we reprogrammed the stimulator 
based on the fused images of the MRI and CT. Reprogram- 
ming was done in the early morning off-state after 12 hours of 
overnight withdrawal from anti-parkinsonian medication (5 
mg of selegiline and 150 mg of amantadine). We tried to sti- 
mulate the contacts; these were located within the STN (1 and 
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Figure 1 . Localization of electrode placement. The 3-dimensional location of the leads and each contact were identified on the fused imag- 
es. Blue spot represents right side electrode and red spot does left. These were in the ventromedial part of the subthalamic nucleus. The 
stimulating contact numbers were 2 on the right side and 1 on the left. 
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2 on the left side and 1, 2, and 3 on the right side). Each stimul- 
ation started at 0.5 V and increased by 0.1-0.3 V to a maximal 
effect level without adverse effects with the pulse width and 
frequency maintained at 60 us and 130 Hz, respectively. We 
compared the scores from the UPDRS part III and the mood 
parameter immediately before and following a formal repro- 
gramming of the stimulation. No mood change occurred when 
either the devices remained "off or the contact of the stimul- 
ation was switched to the other ones. The patient was optimis- 
tic as ever and his wife reported that he was sometimes flirting 
with her and easily laughing like a boy; however, inappropri- 
ate moods or behaviors were not observed. His YMRS score 
decreased to 4 at last visit. 

Discussion 

In this case, the acute hypomania was induced by the STN 
DBS and the electrodes located in the ventromedial part of the 
STN. With a follow-up period over 24 months, the hypomania 
state gradually decreased; however, programming and repro- 
gramming of the stimulation parameters did not affect the pa- 
tient's emotions 24 months postoperatively. 

The STN is generally considered part of the motor system 
and STN DBS enables many PD patients to experience dra- 
matic improvements in their motor disability. However, mood 
problems after the STN DBS surgery are an issue of growing 
concern since it is related to quality of life. 

The exact mechanism of action for STN DBS on mood has 
not been clearly elucidated. Several reasons could be suggest- 
ed. Most of the patients showed a 'transient' mood change that 
is presumed a psychological reactive process following life- 
altering surgery. It is also possible that localized edema or a 
microlesion effect in the STN could contribute to the manic 
symptoms. The levodopa withdrawal effect is another vari- 
able for mood changes. Besides these reasons, it has been sug- 
gested that ventral stimulation of the STN generally relates 
mood changes; 6 moreover, this supports the theory that the ven- 
tromedial part of the STN is linked with limbic information." 

Previous studies suggested that the location of the elec- 
trode contacts might be a cause of hypomania or manic com- 
plications. Several patients with manic disorders after DBS- 
STN, in whom the electrodes were probably located in the 
substantia nigra. 1213 This manic state quickly disappeared 
when using the immediately dorsally located contacts. 12 The 
hypomanic state was caused only by stimulation through one 
contact localized in the anteromedial STN. 14 On the basis of 
experimental studies, the medial part of the STN and the ad- 
jacent lateral hypothalamus are intimately connected with 
the limbic parts of the basal ganglia in a way similar and par- 
allel to the connections of the lateral STN with the motor-re- 
lated parts of the basal ganglia. 1115 

Reversible symptoms were related to anatomical insult; how- 



ever, long lasting mood disorder was related to modifications 
in the subcortical-cortical limbic circuit. In this case, we re- 
programmed the stimulator 2 years after DBS surgery. We 
tried to stimulate different contacts with variable voltages 
that did not lead to an emotional change. It might support the 
hypothesis that STN DBS has implications not only structur- 
ally but also functionally by alteration of the subcortical-cor- 
tical circuit. 

In conclusion, the behavioral change in our case was in- 
duced by the STN DBS. Postoperative motor and non-motor 
symptoms represent the functional roles of STN and STN 
DBS. Further careful evaluation is required to elucidate the 
anatomical relationship through which the DBS may affect 
mood and behavior. 
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